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(71) DENTSPLY INTERNA- 

TIONAL INC., a company organised under 
the laws of the United Stales of America, 
of 500 West College Avenue, York, 
Pennsyh-ania, United Sutcs of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and die method by which it is to be per- 
formed, to be particularly described m and 
by the following statement : — 

This invention relates to a lamp tor 
delivering light energy in the ultraviolet 
range. 

In the fields of medicine and dentistry 
there have been re:cnt developments which 
have in^reabcd the intcrcbi in and use of 
ultraviolet light encrg>' both as a oeatment 
agent axid for its abUity to be used to activate 
pohTncrizaticn of ceruin kinds of pol>Tnenc 
competitions for example to produce sphnts, 
denial sealants, dental filling materials and 
dental adhoivcs for orthodontic appliances. 
In particular, in the protection of the teeth of 
human beings, and especially children, an 
important dc%elopmcnt in decreasmg the 
inaJcn.e of vaviiics involves applving a 
liquid rcsui which penetrates creviccb in the 
occluNal or biung surfaces of teeth, and which 
can be poh-mcrized to form a lough adherent 
coaling. Ultraviolet radiation has been used 
cxicn^'ivclv one mechanism for activating 
that roin polymerization. Other appluadons 
lor ultraviolet activanon of resin pohmcriza- 
lion are for tooth filling materials for tooth 
reiteration, cements for orthodontic atuch- 
mcnts and polymerization techniques for 
crown and bridge prosthesis. 

Ultraviolet lamp^ currently available for 
providing ultraviolet light radiation fcr the 
activation and curing of polymerizable liquid 
coatings or sealants have generally beer most 
.uiuble tor techniques not requiring grrat 
po;Ktrjlion ot the pKlvmenzabic mJ- of 
maierul. be -..uab'.c for s.i.h appluau^ns 
an ultravKMct light would have to be sulfi- 



dcnUy rich in those wave lengths which are 
most efficicnl for curing the polymer m qu«- 
tion. Odicnvisc, it would have to be hand- 
held for too long a period of time thereby 
inducing both patient and operate* dis- 
comfort. Furthermore, known ultraviolet light 
devices might be prone to heat up to an un- 
comfortable extent if required to be used for 
a period sufficient to cure material to a con- 
siderable depth. 

The ba.'iic cause for any excessive heatmg 
which might occur in knov-n de\ices derives 
from the faa that they are inefficient in pro- 
ducing emissions at the desired ultraviolet 
wave lengths for the pol.vmerization of the 
materials being used, i.e. approximately 
between 320 nanometers and 400 nanometers. 
In addition, the devices currendy in use 
require a long warm-up time thereby tending 
to reach a high threshold temperature while 
not in use. This tends to diminish their useful 
working life. Additionally, known devices have 
been characterized by undesirably high total 
ultraviolet light output flux. 

It is an object of this invention to pTO\ide 
an ultraviolet light source which is more 
efficient in the desired wave length range of 
ultraviolet emissions than prior art devices 
for example for the polymerization of tooth 
restorative and sealant materials so as to cause 
rapid curing of !>udi materials with a loN^-er 
toul power output. 

In accordance with the present invenoon 
there is provided an unconfined arc lamp 
filled wiih substantially only xenon, compris- 
ing main arc electrodes having spaced there- 
between trigger electrodes for initialing and 
positioning a pulsed arc between said mam 
arw electr.Uo, ^aid electrodes being ntamed 
within a lamp envelope so that the pJ-ed 
arc forms freeiv between the elcvtrv-dcs with- 
out being confined by the walN of the sa:d 
enveloped wherein at least a p^uiu n .'i >aid 
envelope i!> transparent to the duavio.et 
radiati.^n produced by the pulled arc in ir.c 
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lange of from 320 to 400 nanometers and 
the lamp envelope is filled with xenon at a 
pressure in the range of from in excess of 3 
atmospheres up to 10 atmospheres, and 
5 wherein means are provided for delivering to 
the trigger electrodes trigget* pulses at a pulse 
repetition rate of from 20 to 400 pulses per 
second 

The invention may be embodied in a light- 
ID weight structure suioble for hand-held opera- 
tion» and having an unconfined arc xenon 
light source in operative association with light 
ddivery means for delivering ultraviolet radia* 
tion to a restricted location, the device also 
IS having circuitr)* for pulsing the light source 
at preselected voltages and current so as to 
produce a rich source of near ultraviolet light 
trradianoe which is a function of the average 
power delivered to the unconfined arc xenon 
20 li^t to source. In this embodiment suitable 
power supplies and a pulse go^crator are pro- 
vided in a housing which is appropnatdy heat 
sinked and is connected to the light producing 
source device throu^ a coaxial transmissico 
25 line to reduce to a fT^«n»'"""^ line inductance, 
the generated trigger pulses, so called, being 
connected to a trigger circuit at the light 
source so as to provide for delivery of a 
pre-selected number of light pulses per 
30 selected unit of time so as to maximize the 
average power ouqxit to correspond to wave- 
length emissions most desired for curing the 
polymerizablft materials. 
In the aciu npanying drawings : 
35 Fig. 1 is a perspective view of a hand-held 
ultraviolet light source in combination with 
a power supply and pulse timing circuitry 
which is connected to the hand-held device 
through a connector; 
40 Fig. 2 is a cross-sectional view of a portion 
of the hand-held light source, showing the 
relationship between die light source and the 
light pipe which delivers the uluaviolet 
radiatioo; 

45 Fig. 3 is an exploded perspective view of a 
portion of the hand-held apparatus; 

Fig. 4 is a drcuii diagram of the electrical 
portion of a first eix^bodiment of the light 
source apparatus of diis invention; 

50 Fig. 5 is a circuit diagram of a second 
embodiment of the light source apparatus of 
this invention; and 

Fig. 6 is a sdiemadc representation of a 
system using the light source apparatus of 

55 this invention and emplo>ing a light pipe 
between the ultraviolet source and the hand- 
held gun. 

As shwn in Fig. I, a hand-held device 20, 
in the form of a gun, comprises a handle 22 
60 and a light source housing 23. The handle 
22 contains a suitably located bunon 26 which 
operaic> an elecuical switch 82 shown in the 
schematic circuit of Fig. 4. 

A cylindrical ultraviolet light generating 
65 tube 30 is contained within the inner 



cylindrical surface of housing 23, as seen in 
Fig. 1 and Fig. 2. The light generating tube 
30 is an unconfined xenon arc flash tube, the 
renon gas pressure being maintained at a 
high pressure, i.e., greater than 1 atmosphere. 70 
By "unconfined", it is meant that thf xenon 
arc is not confined by a glass envelope, but 
rather is freely formed between the electrodes, 
such as the configuration of sub-atmospheric 
tubes manufacture!! by EG & G of Salem, 75 
Massachusetts. The typical lamp tube employs 
a iHimber of trigger electrodes 33 (Fig. 2) for 
the purpose of initiating the main arc for 
each pulsed flash of light. The nigger 
electrodes help to stabilize the trigger arc 80 
and main xenon arcs with respect to position. 
The unconfined arc flash tube contams a pair 
of closely spaced electrodes 31, anode and 
cathode respectively, between which the main 
arcs form. An unconfined arc flash tube of 85 
this configuration permits ao arc as small as 
1/8 inch, which is an excellent arc plasma 
size for directing a high percentage of the 
total amount of light f^txliiced to a light rod 
24 withoiu requiring special refleaors and 90 
focusing devices. The envelope of the tube 
30 is suitably made of a glass such as 
CORNING 0080, which cuts off unwanted 
light emissions at wavelengths below 320 
nanometers. 9^ 

Typically, the superatmospheric uiKonfined 
arc flash tube as disdosed in this invention 
has the following spectral ;^cicncy: 



Wavelength 

320 nm— 500 ran 
500 nm— 700 nm 
700 nm— 900 nm 
900 nm — 11,000 nm 

320 nm — 11,000 nm 



7- Emission 

38.5 Vo 
26.9 V, 
20.07, 
l4.67o 



lOO/o 



Wavelength 


EmiSMon 


320 nm — 500 nm 


11.3/: 


500 nm— 700 nm 


12.8 . 


700 nm— 900 nm 


13.17 


900 nn>— 1100 nm 


14.7 . 


1100 nm— 11,000 nm 


48.1 . 


320 nm— 11,000 nm 


100/, 



100 



By contrast, the t>pical subatmospheric 105 
confined arc flash tube has the following 
spccual efficienc)*: 



110 



From the above, it is :>een that an uncon- 1 1 5 
fined arc rube produces an output which 
is shifted towards shoner wavelengths. Since 
the colour temperatures for the super- 
atmospheric unconfined arc tube arc shifted 
toward the shorter wavelengths, much less 120 
tube heating ib experienced ;the m^y^l efficient 
heating wavelengths being in the 900 nm — 
11»000 nm range). This low level of heating 



is, of course, a very desirable feature for» for 
uample» dental use of the device. 

The xenon tube has a colour temperature 
in die region of 24,000^K and provides a 

5 substantial output continuum through the 
spectral range of 320 nm to 400 nm. This 
is in contrast to the tjpical prior art li^t 
source which, for example, concentrates a 
high percentage of its output energy in a peak 

10 at about 365 nm. It is important foi the 
applications discussed above, that the light 
source should provide an output which is 
substantially continuous throughout the 
desired range, Le., not have a high percentage 

IS of its output concentrated in one or several 
narrow peaks but have it spread out reasoi>- 
ably uniformly throughout the range. The 
tube used in this invention provides just such 
characteristic, which permits more rapid 

20 curing with a smaller energy output* For 
example, using the light source of this inven- 
tion has enabled twice as efficient cure as a 
prior art device, and this increased efficiency 
is achieved with only about one quarter as 

25 much radiated energy, between 320 nm and 
380 nm. 

In tests, it has been demonstrated that as 
the xenon gas pressure in the tube is 
increased, the levd of light output increases 

30 considerably for the same electrical energy 
input* For example, in using this tube for 
curing a sealant sample of a given thickness, 
a ti'ne period of 10 minutes at a flash repeti- 
tion rate of 60 pulses second was required 

35 A Sen the xenon gas pressure was equal to 
au;\>sphcric pressure. Increasing the xenon 
gas pressure to in excess of 3 atmosfrficrcs, 
while using the same repetition rate and pulse 
length, provided more rapid curing ot the 

40 sample of same thickness. Other investiga- 
tions have shown that with further increased 
pressures, additional increased ultraviolet light 
curing efficiency is obtained. In practice, a 
pressure of 4 atmospheres has been found to 

45 be besL The present invention uses a range 
of from in excess of 3 up to 10 atmospheres. 

Still referring to Figs. 1 and 2, the light 
pipe 24 is mounted coaxially with the light 
housing member 23, and in opcradve relation- 

50 ship with the light generatmg tube 30, so 
that the main arc between the electrodes 31 
is positioned right in front of the inner end 
surface 24S of the Ught pipe 24, In this way, 
there is efficient collection of the crmtted 

55 ultraviolet light into the pipe 24. As seen in 
Fig. 3, the pipe 24 has a curved end, and may 
be provided with a focusing piece 25 for 
focusing the emitted light on to, for example, 
a tooth surface. A vibible light filter 27 may 

60 be placed between the source 30 and the pipe 
24. The pipe 24 is preferably a quartz rod 
having jn aJumidzcd or similar light rchective 
coaling thereon. Such a coating, which may 
be applied to the outbide of the rod by 



vacuum deposition, pre\ents light leakage at 
the bend or from the sides of the rod. 

Most of the pulse generating circuitry is 
conuined in the housing 39 which is con- 
nected through a coaxial transmission cable 
40 to the gun 20. As explained in more detail 
in connection with Fig. 4, the circuitry in 
housing 39 provides die flash discharge energy 
to the lamp 30. Additionally, pulse signajs 
are supplied through a transformer 38 and 
a tube pulse network (made up of capacitorc 
37 and resistors 36) to tube socket termimls 
32. The generated trigger pulses have a fast 
rise time of less than about 2 oiicTosecoDds, 
pro\'iding the starting arc that initiates the 
main discharge arc. Accordingly, it is 
dednible to have a low inductance aikl low 
resistance connection between a discharge 
capacitor 60 and the tube discharge decuodes 
30A and 30C. This is pro%'idcd by use of 
the coaxial cable 40. It has been found that 
the difference between the use of an ordinary 
double lead connection and the coaxial lead 
is substantial, the coaxial lead providing a 
much lower circuit induaance. When the rise 
time of the high frequency pulse is allowed 
to increase due to transmis:»ion inductance, 
the resulting ultraviolet light energy output 
from the tube, when pulsed, is decreased 
significantly. Tests have shown that the pcr- 
cenuge of the energy discharge through the 
tube during a flash, which is converted to 
Ught is about three times as great when a 
coaxial line is used. 

Referring now to Fig. 4, there is shown an 
embodiment of a circxiit diagram of the 
electrical portion of this invcntioa The por- 
tion of the circuitry which is contained within 
the dashed blocks 20A is in faa housed within 
the gun 20. The remainder of the circuitry is 
contairKd in the housing 39. The housing, 
or external portion of gun 20, is electrically 
earthed, as shown by the connection from 
blocks 20A to earth. 

Power is obtained through a socket 51 
adapted for connection to a power line source, 
and fused through a comentional fuse 52. An 
on-off switch 53 provided on housing 39 
comiects the input power to a transformer 
55 which proN-ides about 1400 volts across 
the four-diode bridge 58, the rectified voltage 
being filtered by a capacitor 59. The rectified 
and filtered voltage charges the discharge 
capacitor 60 throu^ a resistor 62. When the 
tube 30 is pulsed, discharge current from the 
capacitor 60 is transmitted through the 
coaxial cable to the gun 20, where it is con- 
nected across the anode and cathode of tube 
30. 

The tapped secondar>' binding 55A f>r^ 
vides a 20 volt source and a 200 volt source. 
The 20 volt DC source is provided by a diode 
68 connected to the wmding up, and a capa- 
citor 69 and resistor 71 connected in parallel 
between the cathode of the diode 6S and 
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earth. This 20 volt supply is connected 
through a resistor 77 to terminal A of a 
unijunction transistor 78. Tenninal C is con- 
nected through a rcssitor 85 to earth. Ter- 

5 minal B of tfie tnnststor 78 is connected to 
the 20 volt supply through a resistor 81, 
and to earth through a capacitor 84. Tenninal 
B is also connected through the on-off switch 
82 (operated by the switch designated 26 in 

!0 Fig. 1) through a resistor 83 to earth. When 
switch 82 is in the position shown as '*on*% 
unijunction transistor 78 and its associated 
circuitry comprise a pulse generator producing 
rapid rise pulses at the rate of about 60 

IS pulses per second, the frequency being 
established by the values of the resistor 81 
and the capacitor 84. It is to be understood 
that this pulse repetition rate need not be 60 
pulses per seaxxl which is an illustrative 

20 figure. 

The 200 volt source is derived from the 
transfonner winding SSA through a half wave 
rectifier 67, and filtered by a capacitor 70 
across whidi a discharge resistor 72 is con- 

2S nected to earth. This source supplies 200 
volts through a charging resistor 75 to a 
capacitcH- 76 and the anode of an SCR 90. 
The output of the pulse generator is taken 
from terminal C to the gate of the SCR 90. 

30 The cathode of the SCR 90 is conneaed to 
earth. The SCR 90 is switched on and off 
60 dmes per secoad> discharging the capacitor 
76 into the primary winding of transformer 
38. The p\ cs delivered at the secondary 

35 of the transformer 38 arc of the order of 
5000 voiti, and arc delivered through a 
trigger network comprising capacitors 37A, 
37B and 37C in combination with resistors 
36A, 36B, 36C> and 36D. As shown in Fig. 

40 4, the trigger pulses arc applied in parallel 
to trigger probes 2, 3 and 4 spaced between 
the anode 30A and cathode 30C of the tube 
30. A small sueamer arc is formed from 
30C to 4, then to 3, then to 2 and on to 30A, 

45 such that the streamer arc is constructed 
between 30C and 30A. Capacitor 60 then 
discharges, forming the main light producing 
arc. C^ce the discharge is completed, the 
main arc turns off, the capacitor 60 re-charges, 

50 and the tube flashes again when the next 
trigger pulse arc is formed. 

in practice, it has been found that the 
method of pulsing the unconfincd arc high 
pressure tube, as discloxrd herein, prchiucci 

55 a high efficiency emission of near uliraviolet 
light energy for dclivcr>' to, (or example, a 
tooth surface. By maintaining the tube at a 
superatmospheric or high pre>sure of at in 
excess of 3 atmospheres, iherc \b no need to 

60 include afurtire inhibitor^ within the xenon 
flash tube, which inhibitors reduce uJtiaviolet 
light output. This aid^ in providing a lii^ 
efficiency emission in the near ultraviolet 
wavelength range. 

65 Referring now to Fig. 5. there ib shoun a 



modified form of a circxiit arrangement for 
triggering and pulsing the ultraviolet light 
source. The second two digits of the reference 
aumerals of this circuit arc the same, where 
api^caUe, as the corresponding digiu of 70 
similar components in Fig. 4. This circuit 
uses a constant voltage power transformer 
155, preferably a ferro-roonant constant 
voltage transformer. The incorporation of 
such a transformer makes allowance auto- 75 
matically for power line voltage variations, 
which usually fall in a range of from about 
— 307o to +15% of the nominal line voltage. 
A constant voltage transformer corrects within 
±1% on the secondary side of the trans- 80 
former. Such correction is highly desirable to 
enable the light source to operate efficiently 
at a lower power level, thus extending the life 
of the tube. The dashed block 120A indicates 
that portion of the circuitry aiKi aprparalus 85 
which is contained within the device 20. 

The power input is obtained through plug 
151, one line of which is earthed and one 
line of which is conneaed through fuse 152. 
A third line is connected through an on-off 90 
switch 154 to a switch 153. The switch 153 
is used to set the apparatus for eitlicr 115 
volt or 230 volt operation. The output of the 
switch 153 is connected to the input primary 
windings of the constant voltage transformer 95 
155. "Hie sccondar>- of tran-formcr 153 has 
various terminals for connection depending 
upon whether the local power source ii> 115 
volt 60 Hz, or 230 volt 50 Hz. A mam dis- 
charge capacitor 160 is charged from 100 
secondar>' terminal A [or A') through diode 
158 ever>' positive halfcy^le of the power 
line. Resistors 161 and 162 form a voltage 
divider, and a connection i^ made between 
these reUstors to the anode of an SCR 171 105 
as well as to a capacitor 174, bO that capacitor 

174 is charged at the same time d'b the dis^ 
charge capacitor is charged. The trigger 
circuit voltage is derived from tern;inal B 

of the secondary of tran>former 155. W^^ 
Terminal B is connected through a resi'stor 

175 to a diode 167 and a hybrid Jicxie 168, 
which arc also connected through a vap^uitiT 
169 to the gate of an SCR 171. The gjte i^ 
conneaed through a low value resibior 170 ' 1 
to earth. A resonant capacitor 163 ib con- 
nected between earth and either tcn:r.::jl C 

or C, depending upon whether the power 
source is 50 Hz or 60 Hz. 

In this embodiment, a triaxial ^able 140 is I2u 
used. The Jibchargc capacitor 160 i> con- 
nected to two of the cond.:vt^^rs o\ the cable 
140, namely 140A and 140S. Iwo d;.>Jc> 
165 are connected in series a.rc•^b ti.c Jin- 
charge capacitor 160 uhi.h. in w/nibir.atii n 125 
with high voltage Mirge div^sic- 197 and 198. 
ensures that proper p^-lant. vf ih. ir:v:i:cri:ig 
sequence awro>> the t..be 130 in u,:vcvcd. .\ 
damping network .i.-nipri>ing a d:v.Kie PS 
in seric> uiih a resist* r I "6. 3:id .i resbi -r ' 
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177, which network is connccrcJ between the 
dpadtor 174 and earth, serves to dampen 
the ringing effect caused by the inductance 
of transfonner 138 at the tinae that a trigger 
pulse is transmitted. As is described herein- 
bdow, the trigger pulse is taken from the 
junction between the capacitor 174 and die 
diode 175, and connected to the centre con- 
duaor 140C of the triazial cable the other 
end of which is connected to the primary 
of the transformer 138 which suitably has a 
15:1 ratio. 

At the UV tube 130, die output of the 
transfonner 138 is connected across the tube 
Anode 130A through a capacitor 184 and the 
tube cathode 130C. The transformer output 
is also connected through the capacitor net- 
work comprising capacitors 184, 185, 186 and 
187 to the trigger dectrodes F, G and H. 

The following represent typical values and 
designations of components of the circuit of 
Fig. S: 



Diode 158 

Capacitor 160 
Resistor 161 

Resistor 162 
Diodes 165 
Diode 167 
Hybride Diode 168 
Capacitor 169 
Resistor 170 
SCR 171 
Capacitor 174 
Diode 175 
Resistor 176 
Resistor 177 
Capacitors 184—187 



— ^2.5 Kv piv, 
500 ma Avg. 
2 /iF 

—470 Kohm 

—2 

—470 Kohm 
—IN 4725 
—IN 914 
—IN 5758 
—0.022 >iF 
—100 ohm 
—RCA 52600M 
—0.01 ^ 
—IN 4005 
— 51 <Am 
—1 Kohm 
—22 pF 



in the operation of this circuit, trigger 
pulses are generated at the power line frc- 
quency. The main discharge capacitor is 
charged to a full charge during the positive 
half of the cjcle and is triggered to discharge 
durii^ the negative half of the cycle. This 
method of charging and cUscharging energy 
into the tube p>rovidcs stable tube pulsing 
without the need for a charging resistor, thus 
providing good power supply cflSciency and 
requiring fe\%er circuit components During 
the positive half cvcle when the main dis- 
charge capacitor 160 is charging, the trigger 
capacitor 174 is charging through resistor 
161. During this time, the diode 167 con- 
ducts and prevenii> capacitor 169 from charg- 
ing. During the negative half cycle of the 
pov^er line, the capacitor 169 charges through 
the rcbibtor 175. When it has charged to a 
value of about 20 volts, it discharges through 
diode 168 which conduas when such a back 
voltage is placed across it. This discharge 



generates a signal across the resistor 170 
which gates on the SCR 171, whici then 
provides a discharge path for the capacitor 
174. The rapid discharge of the capacitor 65 
174 produces a trigger pulse ^hicfa is tian»- 
mitted through the triaxial cable conductor 
140C and the transfonner 138 to trigger the 
tube 130. As stated previously, the damping 
circuit dampens any ringing dfect caused by 70 
the inductance of transfonner 138, so that 
only a single trigger pulse is transmitted 
through to the tube. The trigger pulse causes 
fonnation of a trigger arc in the tube, follow- 
ing which the energy stored in the main 75 
discharge capacitor 160 is discharged in die 
main arc through the tube. 

The tube 130, as used in the embodiment 
of Fig. 5, comprises a tube envelope which 
is opaque to the emissions of the discharge. 80 
The tube envelope is preferably non- 
oxidizing, and is suitably of stainless sted. 
The tube has a small (15 mm diameter) glass 
window 131 through which the ultraviolet 
light is transmitted. This window is made of 85 
a glass which cuts off wavelengths bdow 320 
nm. AdditionaUy> for extra security againn 
unwanted radiation, one or more sharp cut 
off light filters 128 may be posioooed adjacent 
the window 131, the filters being suitably 90 
cemented to visible light filter 127. The filter 
or filters 128 may, for example, cut off wave- 
lengths less than 320 nm, less than 325 nm, 
less than 330 nm, etc., as desired. Also^ a 
reflector 195, or a plurality of such reflectors, 95 
may be positioned inside the tube and 
opposite from window 131, to optimize trans- 
mission of the ultraviolet radiation out of the 
window and into the light pipe. 

Testing with the apparatus of this inven- 100 
tion has led to the conclusion that the visible 
light filter 127 is highly desirable. The inten- 
sity of the visible light which is otherwise 
transmitted through to the tube surface and 
reflected therefrom can cause considerable |05 
operator eye fatigue. It is to be noted that the 
glass in the window 131 cuts off the harmful 
shorter wavelengths, while the visible U^t 
filter scnes the function of eliminating 
visible light which would otherwise cause ||0 
operator eye fatigue. The visible light filter 
must, of course, have a bandpass charac- 
tcristic at the desired UV wavelength, 
between 320 and 400 nanometers. The com- 
mercially available glass filter 127 which has 115 
been used with this apparatus reduces the 
visible light to about 5 while introducing 
approximately only 8 '.^ loss at the desired 
UV wavelength. By maintaining about 5 
of the vsible light, there is sufficient projec- \20 
tion on to the tooth surface, when the 
apparatus i> u^ed m dentiitr>-, to aid the u^er 
in aiming the gun output. 

The two embodiments which have been 
dc!>cribcd hereinabove provide a UV source \2S 
whivh i> parucuJarl> suiublc for dental 
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application, with greatly improved safety 
features. The quart2 rod 24 (or 124) is an 
excellent electrical Lisulator and is mounted 
into a handpiece which is earthed back to 

5 chassis eartfa« Through the use of the quam 
rod any high voltage is kept from entering 
the oral cavity of the patient. Further, by 
using an optical window 131 of CORNING 
OiBOO glass, which absorbs the short ultra- 
10 violet wavelengths below the desired wave- 
logth range, an additional substantial safety 
increase is achieved. The design is fail safe, 
in that if the window cracks, the gas escapes 
and the tube becomes inq)erative. By con- 
13. crast, in apparatus which depends solely upon 
an external filter, if the filter cracks hannful 
radiation is emitted, and there is no way to 
discern the dangerous conditioo of the 
apparatus. A thcrmo^switch 180 protects the 

20 hindpfct configuratioa from exceeding a 
preaetermined temperature^ acting to shut off 
automatically until it cools down to a given 
lower temperature. 

The optical window 131 is preferably fused 

23 to the inside of the metal envelope opening* 
which constructioa further prevents short 
wavelength ultraviolet leakage. This anangr- 
ment has been used to produce a reliable UV 
source which operates at an average power 

30 of 70 watts to derive the level of UV output 
required for curing restorative aiKl scalaxu 
materials within a time period of approxi- 
mately Ode-half the c\ire time of known 
systems. The ^v."^^ requires almost no 

33 warm-up time, needing only about 1.0 ms 
for full light output when the power line 
switch and trigger switch are turned on at 
the same time. 

Referring now to Fig. 6, there is shown 

40 a diagrammatic view of another embodiment 
of this invention. In this embodiment, the 
power supply and all of the electronic cir- 
cuitry art housed in an external housmg 201, 
along with the ultraviolet source, i.e., the tube 

43 and associated trigger circuit components. 
Thus, the ultraviolet light pulses are 
generated eztcmally to a hand-held device 
205 which delivers the curing ultraviolet light 
pulses to the tooth surface. Connected 

30 bet w een the housing 201 and the hand-held 
device 203 is a light pipe or light guide 203. 
Such light guides or li^t pipes are commer- 
cially available, and are generally of either 
the fibreK)ptic t>'pe or the liquid filled pipe 

35 type In this arrangement, the handpiece 205 
can be very small, comparable in size to a 
pencil. There are no heat problems associated 
with the handpiece itself, since it is acting 
as simply a conduit for the light which is 

60 generated at an external poinL Of course, the 
output of the source within housing 201 is* 
m this embodiment, adjusted to take into 
account any anenuaiion M the light is it is 
transimtted thmugt the pipe 203 to th:* hand- 

6^ piece Also, ^vctength band pa!>^ ^arac* 



teristics between 320 nm and 380 nm must 
be taken into consideration in optinuzing a 
particular light guide design. The liquid filled 
light guides can be made to be wavelength 
or oand pass selective^ which eliminates the '^0 
need for the visible lig^t filter 128, as shown 
in Fig. 3. Appropriate changes in the power 
supply voluge and other circuit parameten 
are a matter of design choice, and within the 
stote of the art ^5 

WHAT WE CLAIM IS: — 

1. An uQConfined arc lamp filled with sub- 
stantially only xenon, comprising main arc 
electrodes having spaced therebetween trigger 
electrodes for initiating and positioning a go 
pulsed arc between said main arc electrodes, 
said electrodes being contained within a lamp 
andope so that the pulsed arc forms freely 
between the electrodes without being con- 
fined by the walls of the said envelope, 85 
wherein at least a portion of said envelope 

is transparent to the ultraviolet radiation 
produced by the pulsed arc in the range of 
from 320 to 400 nanometers and the lamp 
cnvdope is filled with xenon at a pressure in 90 
the range of from in excess of 3 atmospheres 
up to 10 atmospheres, and wherein means are 
provided for delivering to the trigger 
electrodes trigger pulses at a pulse repetition 
rate of from 20 to 400 pulses per second 95 

2. A lamp as claimed in any preceding 
claim, wherein the envelope contains a gjass 
window having glass which cuts off light 
wavelengths shorur than 320 nanometers. 

3. A lamp as claimed in claim 2, wherein 100 
the pulse repetition rate is at least 100 pulses 

per second. 

4. A lamp as claimed in claim 3, wherein 
the trigger pulses have a rise time of less 
than 2 microseconds. 105 

3. A lamp as daio^ in any preceding 
claim, wherein the lamp has a colour tem- 
perature in excess of 20,CKX)'^K. 

6. A lamp as claimed in any pieceding 
claim further comprising a visiUe light filter 1 10 
for reducing the visible light output of the 
apparatus. 

7. A lamp as claimed in any preceding 
claim, wherein the main electrodes are 
supplied from a power supply means proN-id- 1 1 > 
ing a stabilized output such that the ultra* 
violet radiation output of the lamp is sub- 
stantially unchanged for poncr hnc voltage 
variations of from about —30 to ^ 15 

8. A lamp a> claimed in any preceding )20 
claim, wherein the envelope is ooncatned in 

a housing suitable for hand-held operation. 

9 A lamp a^ wiaimed in claim 8, ^om- 
priMng J power supply for delivering electrical 
power to the mam ar^ electrodes and trigger i?^ 
puJse .irciutr\ tor dehvi-rtng trigger pulses 
ri» the triggci elcvtrodc^. cr.e powe: ^upplv 
and cnicger puKc wifvuitrv being contained 
in J se% 'tid boii-ing tnin>idc of the fir>i men- 



10 



15 



doned bousing and coaxial connecting means 
between tbe second housing and die first 
housing for delivery of the said electrical 
power and trigger pulses. 

10. A lamp as claimed in claim S or 9, 
wherein means are provided for directing die 
ultraviolet light at a restricted surface area. 

11. A lamp as claimed in any one of daims 
1 to 7, comprising: 

[a J an external housing for containing said 
envelope; 

[b] hand-hdd means for directing ultra- 
violet light at a restricted sxirface area; 
and 

[c] light guide means for transmitting the 
ultraviolet radiation from the ezttnial 
housing to the hand-hdd means. 



12. A lamp as claimed in daim II, wherein 
the light guide mea'is is a quartz rod having 

a reflective coating covering at least a portion 20 
thereof. 

13. An arc lamp substantially as herein 
described with reference to any one of the 
embodiments shown in the accompanying 
drawings. 25 

ELKINGTON AND FIFE, 
Chartered Patent Agents, 
High Hdbom House, 
52/54 High Holbom, 
London, WCIV 6SH. 
Agents for the Applicants. 
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